ФГБОУ ВО Читинская государственная медицинская академия Минздрава России, Чита, Россия Сахарный диабет 2 типа (СД2) ассоциирован с повышенным риском низкотравматичных переломов, при этом минеральная плотность костной ткани (МПК) не отличается или даже несколько превышает популяционную возрастную норму. Хрупкость костной ткани при СД2 обусловлена нарушением микроархитектоники кортикальной ткани. Трабекулярный костный индекс (ТКИ) дает косвенное представление о состоянии микроархитектоники костной ткани при рутинной двухэнергетической рентгеновской остеоденситометрии и обладает прогностическими свойствами в отношении низкотравматичных переломов. Представленный в статье клинический случай отражает современный взгляд на особенности диагностики и лечения остеопороза при СД2 с множественными осложнениями и наличием сопутствующей эндокринной патологии. Наличие низктравматического перелома, низкого ТКИ, высокого риска переломов, оцененного FRAX, низких показателей маркеров костного метаболизма и тенденции к гипокальциемии у пациентки с СД 2 типа послужили показанием для назначения анаболической терапии остеопороза -терипаратидом.
ОРИГИНАЛЬНОЕ ИССЛЕДОВАНИЕ BACKGROUND Type 2 diabetes mellitus (T2DM) can lead to numerous complications in target organs. Bone tissue has been included in this list recently. It was established, that T2DM is a risk factor for fractures, independent of increased BMI and increased risk of falling [1, 2] . Epidemiological studies show that elderly people with T2DM have increased risk of osteoporotic fractures, and the risk of limb fractures is increased to 50-80% [3, 4] .
It is known that BMD determines approximately 70% of bone strength, but this parameter is usually higher in patients with T2DM, compared to the general population [7] . This paradox could be explained by the fact that BMD does not include other factors that influence bone density: trabecular microarchitecture, cortical macrogeometry and bone remodeling speed [8] [9] [10] .
Trabecular bone score (TBS) -is a new tissue parameter that estimates pixel's deviation on grey gradation scale in lumbar spine absorptiometry images [11] . TBS is associated with bone tissue microarchitecture and is an independent parameter that determines the risk of low-trauma fractures regardless of BMD [12] [13] [14] . Major cohort study revealed that TBS shows better prognostic value for fractures in patients with T2DM than BMD [15] .
The FRAX algorithms are used worldwide to give the 10-year probability of fracture and to determine the need for osteoporosis treatment initiation [16] [17] [18] . However, it is based on BMD and does not consider T2DM as a cause of secondary osteoporosis, therefore underestimating risk of fractures in cohort of patients with T2DM. Nevertheless, FRAX algorithms modified by TBS can be used for evaluation of risk factors in patients with secondary osteoporosis, including T2DM.
Some experts suggest making osteoporosis in patients with T2DM an independent nosological entity called "diabetoporosis". The need for secondary osteoporosis classification development is relevant, as pathogenesis of bone density impairment is different in T2DM. Early diagnostic criteria for treatment initiation, before the occurrence of low-trauma fractures should also be determined. According to up-to-date evidence, we can conclude that diabetoporosis is characterized by low bone metabolism, normal BMD and low TBS. Besides, it is also important to determine the best treatment options for diabetoporosis, as there were no randomized clinical trials for bone tissue quality evaluation in T2DM treated with different osteoporosis drugs.
It is worth noting that impaired BMD can be found in postmenopausal women and men aged over 50 with T2DM; as mentioned above, it is not common for diabetoporosis. In this case, sex hormone deficiency has more influence on bone tissue then glucotoxicity, which makes it more relevant to treat and evaluate this osteoporosis as primary variant complicated by T2DM. Moreover, in some cases lowtrauma fractures occur in patients with T2DM and intact BMD and TBS, what illustrate the need for search of new bone remodeling biomarkers [19] , as well as development of new methods of bone density evaluation.
In this article, we present a clinical case of patient with T2DM, low-trauma fracture and concomitant endocrine disorder as a description of diabetoporosis.
DESCRIPTION OF THE CASE
Patient L., 63 years old, admitted to the neuroendocrinology and bone diseases department of Endocrinology Research Centre with complaints of right lower leg pain at rest and during walking, frequent falling (5 times per year) and hyperglycemia (16-28 mmol/l).
According to medical history, secondary to obesity T2DM was diagnosed in 1999 in the age of 45 during routine check-up glucose level on diagnosis -7 mmol/l. Since 2003 patient has been treated with oral diabetes medications in different combinations including combination with longacting insulin. Glycemic self-control was not sufficient, 1-2 times per week. Glycemia hasn't been checked since summer of 2016. According to medical documentation, diabetes has never been compensated (from 2014 to 2016 HbА1c 8.0-8.5%).
In 2008 pre-proliferative diabetic retinopathy was diagnosed, in 2015 patient underwent retinal photocoagulation surgery due to retinopathy progression to proliferative stage. In 2014 neuroischemic form of diabetic foot syndrome was revealed with necrotic ulcers development on the right foot 1 finger with 1-2 fingers amputation followed.
The patient also has been suffering from hypertension since the age of 30 with blood pressure elevation up to 190/100 mmHg. In 2008 patient also underwent upper lobectomy as tuberculosis treatment. In 2015 she underwent extrafascial thyroidectomy as a treatment of papillary thyroid cancer verified by histology. After surgery patient received hormone replacement therapy by levothyroxine sodium.
In June 2016 patient got right tibia fracture after fall from own height ( fig.1 ), later patient suffered from restricted mobility because of fracture nonunion. She has been moving only by wheelchair for 3 months after fracture. Patient was able to move freely 7 months after the fracture. Neither phosphorus and calcium levels, nor BMD was measured.
On examination in April 2017: height 173 cm, weight 98 kg, BMI=32.7 kg/m2. Right foot limping was noted while walking, patient moved freely with a walking stick, but could move without it in the room.
At admission to hospital diabetes decompensation was registered (HbA1c=11.6%). Diabetes therapy was corrected, patient got basal-bolus insulin therapy with long-acting and fast-acting insulin and glycemic control was achieved. Patient underwent complex examination for diabetes complications: both eyes proliferative diabetic retinopathy was verified, no signs of diabetic nephropathy were found (GFR level 87=ml/min/1.73m2) urine sampling for microalbuminuria was not taken because of acute condition of chronic cystitis.
For dynamic control of right leg's fracture nonunion computer tomography was performed, slight improvement for the last 2 months was registered. Leg's veins ultrasound duplex scaning showed neither pathologic changes nor blood flow abnormality. Patient was consulted in «Diabetic foot» cabinet, right foot off-loading and ankle orthoses for 2-3 months were recommended until fool consolidation.
Regarding primary hypothyroidism as aresult of surgical of thyroid papillary cancer, ultrasound examination was performed: no data for cancer recurrence was found. Thyroglobulin level was normal. TSH elevation was registered, levothyroxine sodium dosage was increased.
One of the hospitalization aims for the patient with early onset of hypertension, obesity, T2DM and low-trauma fracture was ruling out endogenous hypercortisolism. Free salivary cortisol elevation up to 12,4 nmol/l (0,5-9,4) was marked, nevertheless 1 mg Dexamethasone suppression test was positive and urinal free cortisol level was normal. According up-to-date guidelines [20] endogenous hypercortisolism was excluded.
Among all patient's severe diseases the one that reduces quality of life mostly was right tibia fracture. That's why it was important to examine the bone system and mineral metabolism as well as to estimate the probability of new fractures.
To estimate the 10-years probability of fractures important data was collected (tab 1.) and FRAX tool was used. Because of the low-trauma fracture in previous medical history, MSCT of the spine was performed and osteoporotic vertebral fractures were excluded. Dualenergy X-ray absorptiometry of lumbar spine, femur's neck showed no BMD impairment (tab. 2). Nevertheless low L1-L4 TBS=1,186 level ( fig 2) was registered, that reflect high risk of new low-trauma fractures. As the result, with BMD and TBS data added, the FRAX tool showed 0,6% risk of femur fracture and 25% risk of general fractures. Considering low-trauma tibia fracture in previous medical history, the need for osteoporosis treatment in this patient becomes apparent. 
ОРИГИНАЛЬНОЕ ИССЛЕДОВАНИЕ
Laboratory examination showed decreased levels of bone remodeling markers (osteocalcin) and vitamin D (tab. 3). Serum calcium level was close to lower limit of normal (tab. 3), parathyroid hormone (PTH) was decreased to 10,42 pg/ml , what indicated postoperative hypoparathyroidism after thyroidectomy with compensatory PTH synthesis by the rest parathyroid glands. Taking into account low bone turnover and the risk of hypocalcaemia, bisphosphonates and denosumab were contraindicated. Anabolic therapy by teriparatide (1-34 PTH fragment) was the one and only possible option in this case.
Before osteoporosis treatment initiation, therapeutic dose of cholecalciferol was prescribed to compensate vitamin D deficiency. After 10 days of teriparatide treatment 20 mcg per day, osteocalcin level hasn't been changed (tab.3) as we also can see in postmenopausal osteoporosis treatment. This could be explained by the fact, that bone remodeling impairment in T2DM is charactarised by low bone metabolism speed and marked improvement of bone formation in the first months could not be expected.
Patient was recommended to continue vitamin D therapy in addition to teriparatide treatment 20 mcg/day for as long as it could possibly be recommended according to the instruction (for 2 years).
DISCUSSION
The term "Diabetoporosis" was suggested by Ferrari S. in 2015 as a special type of BMD impairment in T2DM [21] . Ferrari S. suggests that the cause of such microarchitecture changes in patients with hyperglycemia and insulin resistance are the direct damaging influence of glycation end product on collagenous tissue, low bone remodeling speed, oxygen stress, and interaction between osteogenesis molecular mechanisms and glucose metabolism regulation. The correlation between the glycemic control level and TBS was shown for the first time in Dhaliwal research [22] . Therefore, in patients with T2DM the TBS plays an important role as low-trauma fractures predictor as it reflects the bone tissue microarchitecture [15, 23] . The FRAX algorithm with TBS correction, predicts law-trauma fractures better in patients with T2DM [24] .
Decreased bone resorption (C-terminal telopeptide of type I collagen) [25] and bone formation markers (osteospecific alkaline phosphatase, osteocalcin, aminoterminal propeptide of type I collagen) could register low bone metabolism specific for diabetoporosis [26] [27] [28] . The level of PTH in this disease is also reduced by 20-50% [25] [26] [27] . A low rate of bone remodeling is considered by some researchers as an independent risk factor of low-trauma fractures. [27, 29] This clinical case shows that patients with T2DM tend to have not only higher risk of fractures but also fracture consolidation impairment [30] . Generally we expect to see high bone remodeling speed in the site of fracture in healthy people. Nevertheless, in "diabetoporosis" with basic low bone metabolism insufficient osteoclast's activity is observed, what leads to less effective utilization of damaged bone and cartilage formed during endochondral ossification. As the result, we see pour local stimulation of new bone formation and false callus development [30] . Experimental study on mice with T2DM and femur fracture shown that PTH-medication infusion could lower harmful effect of T2DM on bone metabolism [31] .
Antiresorptive medications (bisphosphonates, denosumab) and anabolic therapy (teriparatide) have proved undoubtedly effective in treatment of postmenopausal and senile osteoporosis [32] [33] [34] , but the study for diabetoporosis treatment with this medications hasn't been conducted. Perhaps, teriparatide is a treatment of choice because of suppressed bone formation, decreased bone remodeling speed and callus formation impairment [35] . Novel medication application, such as sclerostin antibodies, appears to be interesting. Apart from huge anabolic action via canonical Wnt/β-catenin signaling pathway stimulation, it also has antiresorptive effect [36] . These medications (romosozumab and blosozumab) are going through different phases of clinical trials.
CONCLUSION
Taking into consideration high risk of low-trauma fractures in T2DM and insufficient sensitivity of present diagnostic methods (FRAX, DXA), the need for new methods development for early diagnosis for patient with T2DM and high predisposition to fractures. For this category of patients TBS measuring in DXA should be widely implemented and added to FRAX tool. Further studies to evaluate osteoporosis treatment efficacy in patients with T2DM are needed, along with investigation of pathophysiological bone tissue changes specific for T2DM.
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